Aims: An association between inflammatory bowel disease (IBD) and spondyloarthropathies (SpA) has repeatedly been reported. The aim of the present study was to investigate whether serologic markers of IBD, e.g. antibodies against Saccharomyces cerevisiae (ASCA), antibodies against exocrine pancreas (PAB) and perinuclear antineutrophil cytoplasmic antibodies (pANCA) are present in HLA-B27-associated SpA. Methods: 87 patients with HLA-B27-positive SpA and 145 controls were tested for ASCA, PAB and pANCA employing ELISA or indirect immunofluorescence, respectively. Antibody-positive patients were interviewed regarding IBD-related symptoms using a standardized questionnaire. Results/Conclusion: When compared to the controls, ASCA IgA but not ASCA IgG levels were significantly increased in patients with SpA, in particular in ankylosing spondylitis (AS) and undifferentiated SpA (uSpA). pANCA were found in increased frequency in patients with SpA whereas PAB were not detected. The existence of autoantibodies was not associated with gastrointestinal symptoms but sustains the presence of a pathophysiological link between bowel inflammation and SpA.
Introduction
Crohn's disease (CD) and ulcerative colitis (UC) are associated with peripheral and axial arthropathies [1] [2] [3] [4] . The findings of several studies have suggested that a substantial number of patients with spondyloarthropathies (SpA) may have asymptomatic intestinal inflammation, usually affecting the ileum [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . A further development of CD or UC was observed in about 7% of these patients [8] . The pattern of joint and spine involvement in patients with inflammatory bowel disease (IBD) and in classic SpA such as ankylosing spondylitis can be similar. Thus, it has been hypothesized that the intestinal inflammation might be of pathogenic relevance for the development of arthritis and that the ileal inflammation in SpA could represent a pre-or subclinical form of CD.
In IBD, various autoantibodies have been described and are considered as serological markers for CD or UC. Anti-Saccharomyces cerevisiae antibodies (ASCA) appear in approximately two thirds of CD patients [15] [16] [17] , whereas antibodies against exocrine pancreas (PAB) are present in about one third of the patients [18, 19] . These antibodies are highly specific for IBD. Perinuclear antineutrophil cytoplasmatic antibodies (pANCA) are found in 45-80% of patients with UC [20, 21] . Familial clustering of these antibodies has been described, with an increased prevalence among first-degree relatives of patients with IBD [22] [23] [24] [25] [26] . Considering that first-degree relatives of IBD patients display a 10-to 15-fold increased risk of developing either CD or UC throughout their lifetime, these observations are compatible with a role of the respective antibody as a preclinical marker of IBD. An increased prevalence of antibodies with a close correlation to IBD in patients with SpA could represent an additional pathophysiological link between both disease entities. Therefore, in the present study we investigated if IBD-associated autoantibodies, e.g. ASCA, pANCA and PAB, are present in HLA-B27-associated SpA and if the presence of these antibodies correlates with clinical symptoms suggestive for IBD.
Patients and Methods

Study Population
The study population comprised 145 healthy unrelated blood donors and 87 patients with HLA-B27-positive SpA (51 patients with ankylosing spondylitis (AS), 8 with reactive arthritis (ReA), 9 with psoriatic arthritis (PsA) and 19 with undifferentiated SpA (uSpA)). Cases with a previous diagnosis of CD or UC were excluded. All patients had previously been tested for HLA-B27. The baseline characteristics of the study population are depicted in table 1. Sera were obtained by centrifugation of venous whole blood samples and stored at -20°C until use.
Patients who were tested positive for autoantibodies were interviewed regarding IBD-related symptoms and manifestations using a standardized questionnaire. The following parameters were assessed: stool frequency (^3 or 1 3 per day), anal discharge of mucus or blood, abdominal pain, weight loss and dermal or ocular lesions. Additionally, information about a positive family history of IBD, previous endoscopic or radiological findings and consumption of non-steroidal anti-inflammatory drugs (NSAIDs) were obtained.
Enzyme-Linked Immunosorbent Assays (ELISA) for ASCA Sera of patients and controls were tested for both ASCA IgA and IgG using Medizym ® ASCA IgA and Medizym ® ASCA IgG ELISA kits (Medipan Diagnostica, Selchow, Germany). Briefly, 100 Ìl of serum and control samples diluted 1/51 in the ready-for-use diluent were added to 96-well microtiter plates coated with the specific antigen (mannan from S. cerevisiae). After 60 min incubation at 37°C the unbound serum components were removed, the plates were washed and then 100 Ìl of anti-human IgA or IgG antibodies conjugated with horseradish peroxidase were added to each well. The plates were washed again and 100 Ìl of substrate containing hydrogen peroxide were added. After 10 min the enzyme reaction was stopped by adding 100 Ìl of stop solution and the plates were read at 450 vs. 620 nm using a microplate reader. Diluted human sera provided by the manufacturer served as internal controls. For qualitative evaluation, the binding index (BI = OD sample /OD cut-off control ) was calculated. The cut-off control for the IgA assay was the 20 U/ml calibrator, whereas for the IgG assay the cut-off control was provided. The sample was considered positive at a BI of 61.0. For every sample, two independent analyses on the same plate were carried out and the mean of the two analyses was used in further evaluations.
Indirect Immunofluorescence (IIF)
Antineutrophil cytoplasmic antibodies (ANCA) and PAB were visualized by standard IIF as described in detail elsewhere [19] . Briefly, sera were diluted 1:10 in phosphate-buffered saline with 0.2% Tween and tested for ANCA on commercially available glass slides containing three Biochips for each sample with ethanol-fixed neutrophils, formalin-fixed neutrophils and monkey liver cryostat sections (Euroimmun AG, Lübeck, Germany), allowing differentiation of ANCA patterns from antinuclear antibodies patterns. For the detection of PAB, Biochips with monkey pancreas cryostat sections mounted on glass slides (Euroimmun AG) were employed. Fluorescein-conjugated goat antihuman IgG was used as secondary antibody, according to the manufacturer's instructions. The immunofluorescence patterns were assessed under a fluorescence microscope by two independent investigators. The pANCA titer was determined using progressive dilutions of the positive sera up to 1:1,000. ELISA for ANCA Antigen Specificity All IIF pANCA-positive sera were investigated for six common antigen specificities: proteinase 3, myeloperoxidase, elastase, cathepsin G, lactoferrin and bactericidal/permeability increasing protein (BPI) using a commercially available ELISA kit (ANCA-Profil (IgG), Euroimmun AG), according to the manufacturer's instructions.
Statistics
The ASCA concentrations in the different groups were compared employing the Mann-Whitney U test. Categorical variables were compared using Fisher's exact test. p values ! 0.05 were considered significant. The statistical analysis was performed using SPSS software.
Results
ASCA IgA and ASCA IgG
ASCA IgA levels were significantly higher in patients with HLA-B27-associated SpA than in healthy controls (p ! 0.0001) ( fig. 1 ). When the group of patients with SpA was divided into clinical subgroups, significantly higher ASCA IgA levels were observed in patients with AS and uSpA (p ! 0.0001) whereas in patients with ReA and PsA, levels were only slightly increased compared to healthy controls (p ! 0.05). At the qualitative evaluation, using the cut-off of 20 U/ml, 5 patients with AS tested positive whereas all patients with ReA, PsA or uSpA and controls were negative (p ! 0.01).
The ASCA IgG concentrations were not significantly different in patients with SpA when compared to the controls ( fig. 2) . Using the cut-off supplied by the manufacturer, 2 patients with AS (1 of them also positive for ASCA IgA) and 1 control were positive for ASCA IgG. The combined frequency for ASCA IgA and ASCA IgG was significantly increased in patients with AS when compared to the controls (p ! 0.001).
pANCA Four patients with HLA-B27-positive SpA (2 with AS and 2 with uSpA) but none of the controls were ANCApositive in IIF (p ! 0.05). All ANCA-positive sera gave a perinuclear fluorescence pattern (pANCA). The pANCA titer was 1:10 in 2 cases, 1:100 in 1 case and 1:320 in 1 case. When tested in ELISA for the six common antigen specificities (proteinase 3, myeloperoxidase, elastase, cathepsin G, lactoferrin and BPI), none of the four IIF pANCA-positive sera was positive.
Török/Glas/Gruber/Brumberger/Strasser/ Kellner/Märker-Hermann/Folwaczny PAB PAB were not detected in any of the controls or the patients with SpA.
Clinical Data
When interviewed using the standard questionnaire, symptoms or signs suggestive of IBD were not reported by any of the antibody-positive patients. A familial history of IBD was also not reported. Ileocolonoscopy had been performed in only 2 of the patients, in both cases 3 years before collection of the sera and no changes suggestive for IBD had been observed. Six of the 11 antibody-positive patients received NSAIDs at the time of blood sampling, 4 of them were positive for ASCA and 2 positive for pANCA.
Discussion
Herein we report an increased frequency of IBD-specific autoantibodies in patients with HLA-B27-associated SpA. Compared to healthy controls, the levels of ASCA IgA were significantly increased in patients with SpA, in particular in the group of patients with AS and uSpA. At the qualitative evaluation using the cut-off control 20 U/ ml, as suggested by the manufacturer for the diagnosis of CD, 5 patients with AS tested positive but none of the controls or patients with other SpA (p ! 0.01). However, the cut-off 20 U/ml for the Medizym ® ASCA IgA kit might be too high for detecting AS, yielding a sensitivity of 13.7% at a specificity of 100%. A lower cut-off for this kit was also suggested for the diagnosis of CD [17] . Moreover, a recent study detecting ASCA IgA in AS and uSpA suggested a cut-off of 11 U/ml [28] . Using this cut-off, the sensitivity for the diagnosis of AS or uSpA in our study yielded 83% by a specificity of 87%. A cut-off of 15 U/ml gave a sensitivity of 70% for AS or uSpA at a specificity of 94%. The levels of ASCA IgG were not raised in SpA. Two patients with AS and 1 control tested positive at the qualitative evaluation.
An increased frequency of pANCA in patients with SpA was also observed. Two patients with AS and 2 patients with uSpA but none of the controls tested positive for pANCA. However, this frequency is low compared to the reported frequencies for pANCA in UC (140%) [20, 21] . When employed in ELISA, six common antigen specificities (proteinase 3, myeloperoxidase, elastase, cathepsin G, lactoferrin and BPI) were not bound by the four pANCA-positive sera. In two sera the titer might have been too low for a positive result in the ELISA (1:10). However, as two sera exhibited fairly high titers, these findings could be compatible with a distinct antigen specificity which was not assessed by the ELISA. In contrast to ASCA and PAB, ANCA are not exclusively found in UC but are also seromarkers for other disease entities such as vasculitic disorders or primary sclerosing cholangitis. The immunofluorescence pattern and the respective ANCA target antigens in UC generally differ from those observed in vasculitis disorders. Data in the literature regarding the presence of ANCA in HLA-B27-associated disorders are scarce and contradictory. However, occurrence of ANCA was sporadically observed in patients with AS [29, 30] , ReA [31] , or anterior uveitis [32] . Data regarding intestinal involvement or IBD-related symptoms in antibody-positive patients are lacking in these studies.
Based on the available literature data it appears possible that the presence of IBD-specific autoantibodies represents yet undiagnosed cases of CD or UC in patients with SpA. Although antibody-positive patients denied any suggestive symptoms, pre-or subclinical IBD is not excluded. Because endoscopy was not performed prospectively we cannot rule out that such cases might have been missed. Noteworthy, apart from the 5 AS patients with titers 120 U/ml, the serum levels for ASCA IgA were significantly higher in SpA compared to the controls. Literature data about the prevalence of concomitant ileocolitis in SpA are inconsistent due to different diagnostic methods such as scintigraphy by 99m Tc leukocytes [33] or retrospective endoscopic findings [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Interestingly, the latter reported histologic abnormalities in up to 28% of healthy controls [34] . Furthermore, a recent study failed to demonstrate an association between the ASCA IgA levels and histologically confirmed bowel inflammation or the number of lymphoid follicles in gut biopsy specimens from patients with AS and uSpA [28] . Some cases of ileitis or colitis in SpA might have been caused by the administration of NSAIDs. The latter impair the integrity of the intestinal mucosa which could facilitate contact of luminal (bacterial or yeast) antigens with antigen-presenting cells. This mechanism was also proposed for expression of disease-specific autoantibodies in IBD [35] . However, increased intestinal permeability in CD patients does not associate with the ASCA status [35] . In addition, in patients with AS, subclinical gut inflammation and increased intestinal permeability have also been reported independent from the use of NSAIDs [36] . In the present study, 6 of the 11 ASCA-or pANCA-positive patients received NSAID therapy.
The increased frequency of IBD-specific antibodies lends some further credibility to the notion that the ileitis in HLA-B27-associated SpA and in CD might be pathophysiologically related. A similar immunologic background in SpA and IBD is supported by various observations [for overview, see 37], such as an upregulation of the adhesion molecule E-cadherin [38] , an increase in the number of lymphoid follicles [39] , a predominant Th1 cytokine profile [40] or the presence of macrophages expressing the scavenger receptor CD163 [41] in intestinal mucosa, which were demonstrated not only in CD but also in HLA-B27-associated rheumatologic diseases. Recently, an identical T-cell expansion in the colonic mucosa and the synovium of a patient with reactive spondyloarthropathy was also described [42] .
Future trials might focus on the following topics: patients with SpA should be offered a prospective ileocolonoscopy and the prevalence of mucosal inflammatory changes should be compared between ASCA-or pANCApositive and -negative patients. Moreover, mucosal permeability should be assessed in order to provide a possible explanation for the presence of these antibodies in patients with normal endoscopic findings. Data should be compared after stratification of patients with respect to the use of NSAIDs. Finally, long-term observation of the patients could reveal if the presence of serum autoantibodies such as ASCA or pANCA is a predictive marker for subsequent development of an IBD or is rather an independent phenomenon in SpA.
